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Inc reas ing  worldwide concern about t h e  q u a l i t y  of o u r  environ- 
ment h a s  spu r red  r e s e a r c h  and development a c t i v i t y  on a l l  phases  o f  
p o l l u t i o n  c o n t r o l .  Much i n t e r e s t  h a s  been generated i n  improving t h e  
q u a l i t y  of air  by r educ ing  t h e  amount of d u s t  and o b j e c t i o n a b l e  gases  
emitted from i n d u s t r i e s  that  d i scha rge  gaseous e f f l u e n t s  and p a r t i c u l a t e s .  
The u t i l i t y  i n d u s t r y  is one of t h e  major areas where a t t e n t i o n  t o  t h e  
problem i s  be ing  accelerated. 

A t  p r e s e n t ,  m o s t  of t h e  e l e c t r i c i t y  gene ra t ed  i n  t h i s  country 
i s  based on combustion of fo s s i l  f u e l s .  Power p roduc t ion  i n  hydro p l a n t s  
is i d e a l  from an a i r  q u a l i t y  p o i n t  of view, but ,  u n f o r t u n a t e l y ,  t h e  
a v a i l a b l e  sites fo r  t h i s  t y p e  p l a n t  have been n e a r l y  exhausted. Produc- 
t i o n  of power f r o m  n u c l e a r  gene ra t ion  p l a n t s  seems l i k e l y  t o  i n c r e a s e  a t  
a r ap id  rate i n  t h e  immediate fu tu re .  However, t h e  inc reas ing  demand 
f o r  e l e c t r i c i t y  w i l l  r e q u i r e  cont inued use  of fossil  coal-and o i l - f i r e d  
plants fo r  t h e  f o r e s e e a b l e  f u t u r e .  

I n  t h e  n a t u r a l  process that  c o n v e r t s  o r g a n i c  ma t t e r  i n t o  
m a t e r i a l s  s u i t a b l e  f o r  u s e  a s  f u e l ,  su l fu r -bea r ing  compounds are formed 
a long  wi th  t h e  carbonaceous material. Combustion of t h e  f u e l  r e s u l t s  i n  
formation of s u l f u r  oxides; reduct ion of s u l f u r  ox ide  emission from 
combustion sources  is one of t h e  major o b j e c t i v e s  of t h e  p o l l u t i o n  con t ro l  
e f f o r t .  Removal of s u l f u r  p r i o r  to  combustion would be  i d e a l  because 
t h e  f u e l  could be  p rocessed  i n  high volume be fo re  d i s t r i b u t i o n .  However, 
with t h e  except ion of n a t u r a l  gas ,  which can  be d e s u l f u r i z e d  by prov n 
methods, r educ t ion  of s u l f u r  i n  f u e l s  t o  a c c e p t a b l e  l e v e l s  does not  appear 
t o  be economically f e a s i b l e  a t  p re sen t .  Development of technology f o r  
removal of  s u l f u r  from s t a c k  gases  s e e m s  t o  be the most expedient  approach 
t o  c o n t r o l  of s u l f u r  d i o x i d e  emission. 

Many d i f f e r e n t  p rocesses  fo r  recovery of s u l f u r  d iox ide  have 
been proposed and development work i s  being carried ou t  on a v a r i e t y  of 
types, The process t h a t  has  attracted the greatest i n t e r e s t ,  because of 
i t 5  r e l a t i v e  s i m p l i c i t y ,  is abso rp t ion  by l imestone i n  a s l u r r y  scrubbing 
P r m e s s .  
low-value absorbent  c a n  be d i sca rded .  

Th i s  p r o c e s s  does  not  depend on marketing a byproduct;  t h e  



Limestone - w e t  scrubbing can b e  used i n  tao ways ,  e i t h e r  by 
i n j e c t i n g  l imestone i n t o  t h e  power p l a n t  boiler and c o l l e c t i n g  t h e  
c a l c i n e d  l i m e  i n  t h e  scrubber  or by in t roducing  l imes tone  d i r e c t l y  i n t o  
t h e  scrubber  c i r c u i t .  In an PA-funded p r o j e c t ,  TVA i s  c a r r y i n g  o u t  
f u l l - s c a l e  s t u d i e s  of d r y  s u l f u r  d i o x i d e  s o r p t i o n  by l imestone i n j e c t i o n  
i n t o  a c o a l - f i r e d  140-mw u n i t  at  t h e  Shawnee s t a t i o n .  This  program i s  
being expanded t o  i n c l u d e  a s tudy  of t h e  w e t  scrubbing method. 

The Bechtel  Corporat ion prepared  a pre l iminary  engineer ing 
s tudy of a test f a c i l i t y  f o r  l ime-limestone scrubbing under a c o n t r a c t  
wi th  P A .  As a c o n t i n u a t i o n  of t h i s  effort, Bechtel  is p a r t i c i p a t i n g  i n  
t h e  program t o  f u l l y  c h a r a c t e r i z e  the l imestone - w e t  scrubbing process .  
EPA is  funding t h e  p r o j e c t  and providing t e c h n i c a l  and a d m i n i s t r a t i v e  
d i r e c t i o n ,  Bechtel  has  primary t e c h n i c a l  r e s p o n s i b i l i t y  f o r  des ign  of t h e  
f a c i l i t y  and t h e  test program, and TVA is  c o n s t r u c t i n g  and w i l l  o p e r a t e  
t h e  test f a c i l i t y .  The test program w i l l  be d i r e c t e d  by a t e c h n i c a l  team 
comprised of r e p r e s e n t a t i v e s  from each group. 

Design i s  complete and c o n s t r u c t i o n  is  scheduled for completion 
by January 1972. The o v e r a l l  project c o s t  w i l l  approach $10 m i l l i o n .  

Program Goals 

The purpose of t h e  p r o j e c t  i s  t o  e v a l u a t e  t h e  f e a s i b i l i t y ,  
e f f e c t i v e n e s s ,  and economics of  l imestone - w e t  scrubbing.  The test 
program has  as i t s  primary o b j e c t i v e  t h e  development and demonstrat ion of  
a closed-loop l imestone scrubbing process. Both i n j e c t i o n  i n t o  t h e  boiler 
and a d d i t i o n  d i r e c t l y  t o  t h e  scrubber  c i r c u i t  w i l l  be eva lua ted .  Follow- 
ing  a r e  t h e  major goa ls  o f  t h e  s tudy:  

\ 
1. 
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2. 

3. 

I n v e s t i g a t e  process chemistry and k i n e t i c .  The test  program 
w i l l  be developed and conducted t o  provide  for de termina t ion  of 
t h e  chemistry and k i n e t i c s  of t h e  v a r i o u s  p r o c e s s  s teps .  T h i s  
i s  needed t o  both expla in  end so lve  opera t ing  problems and t o  
al low s a f e  e x t r a p o l a t i o n  of process  behavior  beyond a c t u a l  test 
condi t ions .  Di f fe rences  i n  process  chemis t ry  due t o  changes 
such as v a r i a t i o n s  i n  o p e r a t i n g  c o n d i t i o n s  and r e a c t a n t  compo- 
s i t i o n  w i l l  be  inves t iga ted .  

Develop information f o r  p r o c e s s  opt imiza t ion  and scale-up. 
The test program w i l l  p rovide  f o r  development of reliable 
process  models which d e s c r i b e  t h e  form and magnitude of responses  
t o  a l l  important v a r i a b l e s ,  This model should p r e d i c t  optimum 
process  des igns  f o r  d i f f e r e n t  p r o c e s s  s i z e s ,  modes of o p e r a t i o n ,  
and s i te  r e s t r a i n t s .  

I n v e s t i g a t e  and s o l v e  mechanical des ign  and o p e r a t i n g  problems. 
Sca l ing ,  g a s  d i s t r i b u t i o n ,  c o r r o s i o n ,  e r o s i o n ,  and o t h e r  f a c t o r s  
t h a t  a r e  r e l a t e d  t o  mechanical des ign  w i l l  be  eva lua ted .  
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4. Study w a s t e  d i s p o s a l .  The q u a n t i t y  and q u a l i t y  of  l i q u i d  and 
s o l i d  wastes produced by t h e  p rocess  w i l l  be determined. Trea t -  
ment o r  d i s p o s a l  methods t o  avoid excess ive  water p o l l u t i o n  w i l l  
b e  i d e n t i f i e d .  

5 .  Determine plume r e h e a t  requirement. The r equ i r ed  degree of 
plume r e h e a t  to ensu re  l o c a l i z e d  a i r  q u a l i t y  w i l l  be s tud ied .  

6. Define economics. The t e s t  program w i l l  p rov ide  s u i t a b l e  
ope ra t ing  cost d a t a  and estimates of capi ta l  requirement t o  
q u a n t i f y  economics f o r  va r ious  s i z e  and s i te  r e s t r a i n t s .  

7. Conduct lono-term ope ra t ion .  The r e l i a b i l i t y  of t h e  p rocess  
w i l l  be demonstrated by a p e r i o d  of long-term ope ra t ion  under 
normal o p e r a t i n g  cond i t ions .  

Process Desc r ip t ion  

T V A ,  under  an agreement wi th  EPA, conducted a conceptual  des ign  
s tudy  of t h e  l imes tone  scrubbing process ;  t h e  r e p o r t  of t h i s  work (1) 
summarized the s t a t u s  of p rocess  developments. 

The use  of l imes tone  o r  l i m e  as an absorbent  f o r  s u l f u r  oxides 
has  been s t u d i e d  ove r  a n  extended period. Most of  t h e  work has  been 
saal l -scale ,  b u t  some p i lo t  p l a n t  and p l a n t  tests have been made. In t ro -  
duc t ion  of t h e  abso rben t  d i r e c t l y  i n t o  t h e  scrubber  system d a t e s  back 
t o  t h e  e a r l y  1930 ' s  when r e sea rch  programs w e r e  c a r r i e d  out  i n  England; 
a closed-loop system u t i l i ~ i n g  l i m e  o r  c h a l k  as t h e  r e a c t a n t  was 
ope ra t ed  commercially. f h c  t w o  steps of t h e  in j ec t ion - sc rubb ing  method 
w e r e  f i r s t  s t u d i e d  i n  a combined p rocess  by Combustion Engineer ing,  Inc .  
Th i s  work l e d  t o  i n s t a l l a t i o n  of scrubbing systems on two f u l l - s c a l e  
gene ra t ing  u n i t s .  The conc lus ion  indicated by the pr ior  work is t h a t  
limestone scrubbing i s  a feasible method for c o n t r o l l i n g  s u l f u r  d iox ide  
emission from power p l a n t s .  However, s e v e r a l  major p r o c e s s  and opera t ing  
problems were i d e n t i f i e d  t h a t  m u s t  be r e so lved  to  e s t a b l i s h  eff i c jency  
and re1 i a b i l i t  y .  

I n  t h e  Shawnee program, t h r e e  p a r a l l e l  s c rubbe r s  w i l l  be t e s t e d  
s imultaneously t o  expsd j  te eva lua t ion  of va r ious  scrubber  types. A flow- 
s h e e t  f o r  one of t h e  systems is shown i n  F igu re  1. Cas w i l l  be withdrawn 
from t h e  b o i l e r  ahead of t h e  p a r t i c u l a t e  removal equipment so t h a t  t h e  
e n t r a i n e d  d u s t ,  i n c l u d i n g  l j m e  dur ing  in j ec t ion - sc rubb ing  tests,  can be 
int roduced i n t o  t h e  sc rubbe r .  Analysis of t h e  g a s  for s u l f u r  d iox ide ,  
oxygen, and carbon d i o x i d e  w i l l  b e  made cont inuously by in s t rumen ta l  
methods. Dust l oad ing  w i l l  be determined i n t e r m i t t e n t l y .  Gas f low rate 
to each scrubber  w i l l  be measured by ven tu r i  f low tubes  and c o n t r o l l e d  by 
dampers on induced-d ra f t  fans. The concen t r a t ion  of s u l f u r  d iox ide  i n  t h e  
o u t l e t  g a s  w i l l  be determined cont inuously.  The e f f i c i e n c y  of t h e  process 
f o r  removal or  n i t r o g e n  oxides  a l s o  w i l l  be  determined by p e r i o d i c  checks 
of i n l e t  and o u t l e t  concen t r a t ion .  
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\ 

\ 

Guench sp rays  w i l l  be i n s t a l l e d  a t  t h e  i n l e t  of each scrubber  
t o  c o o l  t h e  gas  p r i o r  t o  c o n t a c t  with t h e  scrubbing s l u r r y .  
w i l l  be i n s t a l l e d  t o  minimize s o l i d s  depos i t i on  a t  each scrubber i n l e t .  
Experimental work by TVA has  i n d i c a t e d  t h a t  gas  coo l ing  may be necessary 
t o  prevent s t r i p p i n g  of absorbed but unreacted s u l f u r  d i o x i d e  from t h e  
s l u r r y ,  

Soot blowers 

Variables  t h a t  a f f e c t  t h e  r a t e  of gas - l iqu id  mass t r a n s f e r  and 
p a r t i c u l a t e  removal e f f i c i e n c y  i n  t h e  scrubber  will be s t u d i e d  so t h a t  
opt imi7at ion of t h e  dua l  func t ion  can b e  e s t a b l i s h e d .  The e f f i c i e n t  
removal of s u l f u r  d iox ide  a t  a p r a c t i c a l  r e c i r c u l a t i o n  r a t e  depends on 
an adequate l imestone d i s s o l u t i o n  r a t e  i n  t h e  scrubber;  f a c t o r s  t h a t  
e f f e c t  d i s s o l u t i o n  ( s l u r r y  holdup, l imestone p a r t i c l e  s i z e ,  s to i ch iomet ry ,  
s l u r r y  s o l i d s  c o n t e n t )  w i l l  b e  evaluated.  M i s t  e l imina t ion  t o  prevent 
excessive s o l i d s  carryover  by s l u r r y  entrainment w i l l  be s tud ied .  
t h e  r e h e a t  requirement i s  a f f e c t e d  by water entrainment.  

Also, 

The system w i l l  be equipped with o i l - f i r e d  r e h e a t e r s  t o  
inc rease  t h e  temperature  of  t h e  ex i t  gas.  
be cooled t o  i t s  wet-bulb temperature  and r ehea t  t h e r e f o r e  w i l l  be 
necessary t o  r e s t o r e  plume buoyancy f o r  good d i spe r s ion .  The A i r  Qua l i ty  
Branch (Divis ion of Environmental Research and Development) of TVA, which 
has  done ex tens ive  work i n  plume d i s p e r s i o n  modeling ( z ) ,  w i l l  a s s i s t  
with eva lua t ion  of t h e  e x t e n t  of  r ehea t  required.  The exhaust  gas  from 
each scrubber system w i l l  be discharged through a s e p a r a t e  s t ack .  

I n  t h e  scrubber ,  the  gas w i l l  

Although l imestone scrubbing is a r e l a t i v e l y  simple process ,  
t h e  process  chemistry is complicated by so lub le  compounds from t h e  c o a l  
ash,  by low s o l u b i l i t y  of t h e  absorbent and r e a c t i o n  products ,  and by 
supe r sa tu ra t ion  tendency o f  t h e  calcium-sulfur  compounds. The Radian 
Corporation has developed a computer program t o  p reduc t  t h e  composition 
of l i q u i d  and s o l i d  phases i n  t h e  system a t  equ i l ib r ium c o n d i t i o n s ;  t h i s  
work has  been u s e f u l  i n  p r e d i c t i n g  boundary cond i t ions .  However, t h e  
a c t u a l  s t e a d y - s t a t e  cond i t ions  depend on r a t e s ,  and k i n e t i c  d a t a  a r e  
sca rce .  Experimental r e s u l t s  have shown t h a t  t h e  s l u r r y  discharged from 
t h e  scrubber  has  no t  reached equi l ibr ium. Therefore ,  it is necessary t o  
provide r e s idence  time o u t s i d e  t h e  scrubber  i n  o r d e r  f o r  absorbed s u l f u r  
dioxide t o  r e a c t  with calcium, which must be brought i n t o  s o l u t i o n ,  and 
t o  p r e c i p i t a t e  s u p e r s a t u r a t e d  calcium salts formed i n  t h e  scrubber .  
The system i s  h igh ly  s e n s i t i v e  t o  pH and the  method of absorbent  
a d d i t i o n  i s  important.  
r e s idence  time can be va r i ed .  
r e c i r c u l a t e d  t o  provide a source of calcium f o r  r e a c t i o n  i n  t h e  scrubber  
and t o  fu rn i sh  seed c r y s t a l s  f o r  d i s s i p a t i o n  of supe r sa tu ra t ion .  
hea t  exchanger w i l l  be provided i n  t h e  s l u r r y  system so t h a t  t h e  e f f e c t  
of s l u r r y  temperature on s u l f u r  d iox ide  absorpt ion e f f i c i e n c y  can be 
s tud ied ;  r i v e r  water w i l l  be t h e  coo l ing  medium. A sidestream w i l l  be 
withdrawn f o r  s e p a r a t i o n  of r e a c t i o n  products .  

A hold tank w i l l  be provided i n  which t h e  
A major p o r t i o n  of t h e  s l u r r y  w i l l  be  

A 
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The method f o r  s e p a r a t i n g  product  solids from t h e  r e c i r c u -  
l a t i n g  s l u r r y  i n  l a r g e - s c a l e  a p p l i c a t i o n  of  t h e  process  w i l l  depend 
l a r g e l y  on the real e s t a t e  a v a i l a b l e  and proximi ty  o f  d i s p o s a l  a r e a s  t o  
t h e  power p l a n t .  The test f a c i l i t y  w i l l  b e  provided wi th  t h i c k e n e r s  t o  
c o n c e n t r a t e  the  s o l i d s  e i t h e r  fo r  f u r t h e r  dewater ing i n  a f i l t e r  or 
c e n t r i f u g e  or for t r a n s p o r t  t o  t h e  pond. A f i l t e r  and a c e n t r i f u g e  
w i l l  be i n s t a l l e d  t o  s tudy  s o l i d s - l i q u i d  s e p a r a t i o n  problems. In  some 
p o t e n t i a l  a p p l i c a t i o n s  of t h e  p r o c e s s ,  s o l i d s  d i s p o s a l  may have t o  be 
accomplished by t r a n s p o r t  of dewatered s o l i d s  t o  r e l a t i v e l y  remote 
l o c a t i o n s  by t r u c k ,  r a i l ,  or barge  shipment. As an a l t e r n a t i v e ,  t h e  
solids may be d i s c a r d e d  by d ischarge  of t h e  s ides t ream from t h e  s l u r r y  
e f f l u e n t  hold t a n k  d i r e c t l y  t o  a pond where s e t t l i n g  w i l l  o c c u r  
( h o p e f u l l y ) .  P i l o t  p l a n t  s t u d i e s  by  TVA have i a d i c a t e d  t h a t  s e t t l i n g  
may be hindered by format ion  of p l a t e - l i k e  c r y s t a l s  of calcium s u l f i t e .  

I n  a l l  modes, t h e  l i q u i d  phase w i l l  be r e t u r n e d  t o  t h e  scrubber  
SO t h a t  c losed-loop o p e r a t i o n  w i l l  be  effected. The s o l i d s  c o n t e n t  of  
t h e  scrubber  r e c y c l e  stream w i l l  b e  c o n t r o l l e d  by blending of  p r o c e s s  
streams; a rad ia t ion- type  d e n s i t y  measuring d e v i c e  w i l l  be u t i l i p e d .  

The q u a l i t y  of w a t e r  a s s o c i a t e d  wi th  s o l i d s  d ischarged  t o  t h e  
pond w i l l  be  eva lua ted  t o  assess p o t e n t i a l  degrada t ion  i n  water  q u a l i t y  
a s  a r e s u l t  of seepage or overflow. 

Equipment S e l e c t i o n  

The e x i s t i n g  f a c i l i t i e s  i n s t a l l e d  to s tudy t h e  d r y  i n j e c t i o n  
method include:  

1. Limestone-receiving hopper. 

2. B e l t  conveyor and s u r g e  tank. 

3. O i l - f i r e d  r o t a r y  d r y e r .  

4. Dry b a l l  m i l l .  

5 .  Mechanical c l a s s i f i e r .  

6. Pylver i7ed-s tone  s t o r a g e  si lo.  

7. Feed t a n k  on load  cel ls .  

8 .  Pneumatic t r a n s f e r  and i n j e c t i o n  system. 

T h i s  equipment w i l l  be used  dur ing  tests of  in jec t ion-scrubbing .  
r e c e i v i n g  and g r i n d i n g  f a c i l i t i e s  w i l l  be  used t o  supply p u l v e r i r e d  
absorbent  f o r  direct a d d i t i o n  t o  t h e  scrubber c i r c u i t .  

The 

The equipment s e l e c t e d  f o r  wet scrubbing was sited f o r  minimum 
c o s t  c o n s i s t e n t  with a b i l i t y  t o  e x t r a p o l a t e  r e s u l t s  t o  commercial u n i t s ;  
30,000 a c f  per sc rubber  t r a i n  was judged to meet t h e s e  requirements .  
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The equipment arrangement f o r  t h e  tes t  f a c i l i t y  is s h w n  i n  F igure  2 .  
For r e s i s t a n c e  to  cor ros ion ,  p a r t i c u l a r l y  dur ing  u p s e t  c o n d i t i o n s ,  it 
w a s  decided t h a t  equipment should be rubber - l ined  m i l d  s t e e l .  I n  the 
fo l lowing  d isucss ion ,  i t  may be  assumed t h a t  rubber l i n i n g  i s  used 
except  where noted. 

Ihe s e l e c t i o n  of sc rubbers  t o  be t e s t e d  w a s  one of t h e  b a s i c  
cr i ter ia  f o r  demonstration of  t h e  process; t h e s e  devices  should remove 
both p a r t i c u l a t e s  and s u l f u r  d ioxide  with h igh  e f f i c i e n c y .  P a r t i c u l a t e  
removal should be on t h e  order  of -9% ( i t  i s  assumed t h a t  p a r t i c u l a t e  
must be removed t o  a l e v e l  of  0.@2 g r a i n / f t 3  o r  lower t o  g i v e  a c l e a r  
s t a c k )  and s u l f u r  d ioxide  removal should be b e t t e r  than  85%. The 
scrubber should a l s o  e f f e c t i v e l y  d i s s o l v e  calcium oxide  o r  ca lc ium 
carbonate .  Basic scrubber  c h a r a c t e r i s t i c s  w e r e  cons idered  i n  s e l e c t i o n  
of types ,  bu t  l a c k  of a v a i l a b l e  experimental  d a t a  prevented a q u a n t i t a -  
t i v e  eva lua t ion  of p r e d i c t e d  performance. One of t h e  primary f u n c t i o n s  
of t h e  test program w i l l  be t h e  development of such da ta .  
mechanical performance of t h e  scrubbers  was a l s o  a f a c t o r  i n  t h e  choice ;  
two major a r e a s  of concern are t h e  bui ldup of s o l i d s  on s u r f a c e s  where 
h o t  g a s  f i rs t  c o n t a c t s  t h e  scrubbing s o l u t i o n  and t h e  plugging of gas-  
l i q u i d  contac t  zones. 
turndown c a p a b i l i t y ,  a b i l i t y  t o  o p e r a t e  wi th  s l u r r y ,  e a s e  of c o n t r o l  
es t imated  maintenance requirement,  and compactness o f  design.  A 
comparison of t h e  var ious  types  considered i s  shown i n  Table I. It was 
concluded t h a t  t h e  fol lowing scrubbers  are the  best candida tes :  

Expected 

Other  factors cons idered  w e r e  p r e s s u r e  drop,  

1. Venturi  fol lowed by an absorp t ion  sec t ion .  

2 .  Turbulent-contact  scrubber  (mobile ping pong b a l l  t y p e ) .  

3. Flooded-bed scrubber  (marble bed type) .  

Gas d u c t s  (40 in .  diameter)  between t h e  boiler takeoff  and the  
scrubber  a r e  mild steel, i n s u l a t e d  t o  prevent  condensation. F lue  g a s  
a n a l y s i s ,  except  f o r  s u l f u r  d ioxide ,  w i l l  be made wi th  g a s  chromato- 
graphs ;  an u l t r a v i o l e t  photometr ic  ana lyzer  w i l l  be used t o  monitor 
s u l f u r  dioxide before  and after each scrubber .  Provis ion  is made f o r  
a d d i t i o n  of s u l f u r  d ioxide  during s e l e c t e d  tests t o  c o n t r o l  t h e  s u l f u r  
d i o x i d e  concent ra t ion .  
ox ides  a r e  p r e s e n t l y  being evaluated.  The v e n t u r i  f low t u b e s  (20-in.  
t h r o a t  diameter by 9 f t  h igh)  a r e  cons t ruc ted  of s t a i n l e s s  steel  and a r e  
mounted i n  a v e r t i c a l  run of  s t r a i g h t  duct  i n  accordance with good 
engineer ing  p r a c t i c e .  

Methods f o r  measuring p a r t i c u l a t e s  and n i t rogen  

The v e n t u r i  sc rubber  (Chemico) has a v a r i a b l e  t h r o a t  s e c t i o n  
f a b r i c a t e d  from s t a i n l e s s  steel. The o v e r a l l  dimensions a r e  6 f t  4 in.  
diameter  and 11 f t  high wi th  a 3-f t -diameter  t h r o a t .  The g a s  velocity 
through t h e  t h r o a t  is c o n t r o l l e d  b y  a mechanical ly  ac tua ted  c o n i c a l  plug. 
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Gas flow is downward through t h e  scrubber  and exits through a side o u t l e t  
near t h e  bottom i n t o  a companion absorber. The v e n t u r i  should g i v e  good 
performance on p a r t i c u l a t e  removal b u t  the  g a s  res idence  t i n e  may be t o o  
s h o r t  f o r  good absorp t ion .  Therefore, an a b s o r p t i o n  s e c t i o n  w a s  added 
i n  series. The a b s o r b e r  s h e l l  (8-ft diameter by 38 f t  h igh)  is  designed 
t o  accommodate either packed or sieve t r a y  i n t e r n a l s .  

The t u r b u l e n t  c o n t a c t  absorber (UOP) is  desigled for two 
scrubbing s t a g e s  w i t h  p r o v i s i o n  f o r  a l i q u i d  t r a p o u t  t r a y  o r  a t h i r d  
scrubbing s tage.  The vessel i s  5 f t  7 in.  square  by 38 f t  8 in.  high;  
i n t e r n a l s  are s t a i n l e s s  steel. 

The flooded-bed scrubber  (Combustion Engineer ing)  h a s  a s i n g l e  
s t a g e  of marble mobile  packing. 
high. A l l  of t h e  s c r u b b e r s  w i l l  accommodate either a chevron o r  f i x e d  
vane-type m i s t  e l i m i n a t o r .  

The v e s s e l  i s  7 f t  square  and 17 f t  6 in.  

The reheater for each t r a i n  is o i l  fired and h a s  a m a s h u m  
c a p a c i t y  of 5,800,000 B t u h r .  The induced-draf t  fans are cons t ruc ted  of 
s t a i n l e s s  steel and a r e  equipped w i t h  400-hp motors. 

A l l  p i p i n g  i n  t h e  system is e i t h e r  rubber  l i n e d  (2-1/2 inchand 
l a r g e r )  or s t a i n l e s s  steel (less than 2-1/2 in.) .  The scrubber  h o l d  tank 
f o r  each scrubbing system i s  c y l i n d r i c a l  (20- f t  diameter and 21 f t  h igh)  
with a f l a t  bottom. They are sited for  1-hr r e t e n t i o n  t i m e  a t  600 gpn; 
l i q u i d  l e v e l s  w i l l  be a d j u s t a b l e  so t h a t  r e s i d e n c e  t i n e  can be var ied .  
The t a n k s  are equipped w i t h  a g i t a t o r s  and have overf low w e i r s  t o  minimize 
l o s s  of unreac ted  absorbent  to the th ickeners .  Rach system w i l l  have a 
th ickener  w i t h  r a k e  and s c r a p e r  discharge designed for 2 hr  s e t t l i n g  time. 
Two a r e  20 f t  i n  diameter and 15  f t  high. Because of h i g h e r  r e c i r c u l a t i o n  
r a t e s  i n  t h e  TCA scrubber ,  t h e  third t h i c k e n e r  rill be 30 f t  i n  diameter. 

Thickener underflow may be d ischarged  t o  a pond area provided 
f o r  w a s t e  s o l i d s  d i s p o s a l  or t o  a f u r t h e r  dewater ing s tep.  The pond is 
s e p a r a t e  from t h e  p l a n t  ash  d i s p o s a l  a r e a  and i s  equipped with a reclaim 
sump for r e t u r n  of t h e  c l a r i f i e d  overflow; a l l  scrubber  systems w i l l  
d i s c h a r g e  to a common pond. 
s t o r a g e  of s o l i d s  f r o n  markedly d i f f e r e n t  r e a c t a n t s .  The f i l ter  i s  a 
drum type w i t h  f l e x i b i l i t y  t o  o p e r a t e  with precoa t .  
a cont inuous type with a v a r i a b l e  speed drive.  

However, compartmented areas are provided f o r  

The c e n t r i f u g e  i s  

Cont ro l  o f  t h e  scrubbing systems w i l l  be carried out from a 
central  graphic  pane lboard  equipped w i t h  an e l e c t r o n i c  data a c q u i s i t i o n  
system. The system i s  hard wired f o r  d a t a  output  i n  engineer ing u n i t s  
d i r e c t l y  on magnetic tape. Onsi te  d i s p l a y  of s e l e c t e d  information w i l l  
be a v a i l a b l e .  Also, important  process  c o n t r o l  v a r i a b l e s  w i l l  be cont inu-  
ously recorded and t r e n d  r e c o r d e r s  w i l l  be provided  f o r  p e r i o d i c  

T e s t  Program 

The i n i t i a l  p h a s e  of t e s t i n g  w i l l  involve  s t a r t u p  t o  check 
o u t  equipment, p i p i n g ,  w i r i n g ,  and c o n t r o l s ,  followed by a per iod  of  
c a l i b r a t i o n  and perfoxmm,ce t e s t i n g  p r i o r  to s t a r t  of planned experiments. 
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The f i rs t  set  of experiments w i l l  c o n s i s t  of screening  t e s t s  
designed t o  i d e n t i f y  t h e  p r i n c i p a l  independent v a r i a b l e s  t h a t  a f f e c t  
p rocess  performance or opera t ing  r e l i a b i l i t y .  These tests w i l l  a l s o  
e s t a b l i s h  t h e  range of i n t e r e s t  for t h e  important  v a r i a b l e s .  A s t a t i s -  
t i c a l  design of experiments w i l l  be used t o  o b t a i n  t h e  requi red  d a t a  a t  
a reasonable  s i g n i f i c a n c e  l e v e l  wi th  a minimum number of runs.  The 
c o r r e l a t i o n  of e f f e c t s  w i l l  be based on p r o c e s s  models which have been 
developed by Bechtel  f o r  each system. The models w e r e  der ived  through 
a p p l i c a t i o n  of chemical engineer ing t h e o r y  t o  produce a series of 
equat ions  r e l a t i n g  independent and dependent p r o c e s s  v a r i a b l e s .  The 
v a r i a b l e s  are r e l a t e d  by a series of: c o e f f i c i e n t s ;  t h e  numerical  va lue  
of  t h e s e  c o e f f i c i e n t s  w i l l  be determined from t h e  experimental  d a t a  b y  
r e g r e s s i o n  ana lys i s .  

Following t h e  screening experiments ,  a set of primary experi-  
ments w i l l  be conducted to  permit  a detailed i n v e s t i g a t i o n  of performance 
c h a r a c t e r i s t i c s  under opt imized condi t ions .  
a p p l i c a t i o n  of t h e  experimental  r e s u l t s  to d e s i g n  of  commercial systems 
During t h i s  phase,  p e r i o d s  of extended opera t ion  under uniform condi t ions  
a r e  planned t o  provide information of opera t ing  r e l i a b i l i t y .  

These data are r e q u i r e d  f o r  

Mechanical design development w i l l  be carried o u t  con- 
c u r r e n t l y  w i t h  t h e  process-or ien ted  tests. Many of t h e  p o t e n t i a l  
o p e r a t i o n a l  problems such a s  s c a l i n g ,  plugging, m i s t  c a r r y o v e r ,  cor ros ion ,  
e r o s i o n ,  and s o l i d s - l i q u i d  s e p a r a t i o n  are d i r e c t l y  i n f l u e n c e d  by process  
v a r i a b l e s .  I t  i s  important t h a t  f e a s i b l e  o p e r a t i n g  modes be e s t a b l i s h e d  
e a r l y  i n  t h e  program. 

Systematic  procedures  f o r  e v a l u a t i n g  t h e  e f f e c t  of e f f l u e n t s  
on a i r  artd water q u a l i t y  a r e  being developed. 

I n  o r d e r  t o  make maximum u s e  of t h e  f a c i l i t y ,  t e s t i n g  w i l l  be 
c a r r i e d  o u t  on a continuous b a s i s ;  t h e  only planned d e l a y s  between tests 
w i l l  be t o  allow t h e  system t o  reach s t e a d y - s t a t e  a f t e r  a change i n  
condi t ions .  The a n a l y t i c a l  support  r e q u i r e d  f o r  t h e  test program is 
formidable.  I t  h a s  been es t imated  t h a t  up t o  420 chemical de te rmina t ions  
per  test  w i l l  be needed. Instrumental  procedures  a r e  being developed to  
minimize t h e  cost of t h i s  work, A t o m i c  absorp t ion ,  X-ray d i f f r a c t i o n ,  
X-ray f luorescence ,  and conduct iv i ty  methods a r e  being evaluated.  

The o v e r a l l  l e n g t h  of t h e  t e s t  program has  n o t  been w e l l  
A test p e r i o d  of  2 y r  has  been assumed f o r  budget ing purposes,  def ined.  

b u t  t h e  a c t u a l  time w i l l  depend on t h e  many f a c t o r s  t h a t  t e n d  to  confound 
a comprehensive test program. The number of d i f f e r e n t  types of l imestone 
to be t e s t e d  w i l l  have a major i n f l u e n c e  on t h e  t o t a l  program length.  
Also,  it might be d e s i r a b l e  t o  test improvements in the nethod t h a t  are 
l i k e l y  t o  develop from p i l o t  programs i n  p r o g r e s s  around t h e  world. 
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